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The artery was then soaked in diluted Papaverine solution. Free flow measurements (ml/sec) from each 81 sub-division and the distal ITA were recorded immediately prior to the anastomosis. All measurements 82
were taken at a mean systemic blood pressure of 70mmHg. 83
Physiology -In vitro phase: 84
Experiments were conducted on 122 skeletonized arterial segments, collected from 58 patients (ITA 41, 85 SE 47, MP 34) . Before soaking in Papaverine solution, the artery was trimmed to the necessary length, 86
and the extra distal ITA and bifurcation was immediately stored in a physiologic 4°C Krebs-Henselite 87
(KH) solution [13] . Specimens from the distal ITA and each of its subdivisions were cut into 3mm-long 88 rings using a double bladed knife. Any discarded tissue was kept in a 4% formaldehyde solution for later 89 histological processing. 90
Ring test protocol [12] [13] : 91
Each 3mm-long vascular ring segment was suspended between two stainless steel 0.4mm wires: the upper 92 being attached to a load cell, whereas the lower was fixed to a micrometer (see Fig.1A ). 93
The rings were placed into an organ bath chamber filled with 20ml of KH solution at 37°C and bubbled 94 with 95%O 2 +5%CO 2 . After a stabilization period of 30 minutes without tension, each ring was stretched 95
in progressive steps to determine its own length-tension exponential curve (see Fig.1B 
-C). The wires 96
were moved apart in steps every minute while the force (F [gr] ) and the displacement (l [mm]) were 97
recorded. F and l were input online in a computer program (Mathlab 7.0) to determine the theoretical 98 lumen circumference that would have corresponded to a transmural pressure of 100mmHg. This value is 99
termed L 100 . The artery was then relaxed to a circumference equal to 0.9 L 100 , termed "passive tension", 100
kept constant throughout the remainder of the experiment. Cumulative concentrations of Norepinephrine 101 (10 -9 to 10 -4 M) were added to the organ bath, in 0.5log increments to create a dose-response curve (see 102 None of the cardiovascular risk factors had a significant effect on the free flow rates (See figure 3A-D) . 158
Physiology 159 Arterial segments (n=122) were collected from 58 patients (See Arteries from patients treated with beta adrenergic blockers had significantly reduced contractility 174 (p=0.009). Alpha adrenergic blockers had the same effect (p=0.08), yet after adjusting to age was not 175 statistically significant (p=0.1). The average age of patients treated with alpha blockers was 73.8±2.5, An interesting finding was the positive staining of cells in the intimal hyperplastic areas for SMA (see 189
Fig. 2G-H). 190
We performed an elastic fibers stain in a small sample of specimens, all of which contained scarce elastic 191 fibers in the media. The intimal hyperplastic areas were negative for elastic fibers. Defects and doubling 192 of the internal elastic lamina were observed in few specimens (see Fig. 2I transit-time flowmeter and non-invasive transthoracic doppler ultrasound [21] [22] . Direct application of11 Analysis of the various reactivity profiles along the full length of the ITA showed that the distal section is 229 the most reactive part of the graft [4] [5] . However, although the middle and proximal sections are less 230 reactive to some vasoconstrictors, it is not a passive conduit [6] . We found significantly greater 231 contractility to NE in the sub-divisions compared with the distal ITA. However, no statistically significant 232 difference was found in the sensitivity to NE (represented by EC 50 ). 233
There are contradictive reports regarding the influence of different cardiovascular risk factors on ITA 234 reactivity [23] [24] . Dignan et al [25] investigated the influence of age and gender on ITA reactivity. In 235 their study, ITA from female and male had equal strength of contraction to NE, and there was no 236 correlation between age and arterial reactivity. We did not find a correlation between the different 237 cardiovascular risk factors or gender to NE induced contraction. However, a careful consideration is 238
warranted in females as ITA length and free flow are significantly lower. Moreover, we found that 239 contractility to NE tends to decline with age. A possible explanation to this observation may originate 240 from increased arterial stiffness, as demonstrated in studies on the aorta and other big arterial vessels 241 starting from the seventh decade of life [26] . 242
Arteries from patients treated with beta-adrenergic blockers were significantly less reactive to NE. 243
The postjunctional adrenoreceptors in the ITA are predominantly of the alpha-1 subtype [27] . Therefore, 244
we expect that treatment with beta blockers would not significantly alter the arterial reactivity, and might 245 even increase the alpha-1 adrenergic effect. A possible explanation for decreased contractility in patients 246 treated with beta blockers is the up-regulation of beta 2 receptors that induce arterial vasodilatation. 247
Nevertheless, He et al. [28] found only moderate arterial relaxation in response to isoproterenol (beta 1 248 and 2 adrenergic agonist) and concluded that beta-adrenoreceptors would contribute little to the reactivity 249 of the human ITA graft to sympathomimetic drugs. Brodde et al. [29] demonstrated the subtype-selective 250 up-regulation of beta-2 adrenergic receptors in the heart muscle and the Saphenous Vein (SV) by chronic12 2 reactions, nor the alpha-1 adrenergic reaction in ITA and SV segments from patients chronically treated 253 with beta blockers. 254
Some reports indicate that calcium channel blockers may inhibit the effect of various vasoconstrictors on 255
ITA reactivity [31] [32] . Treatment with calcium channel blockers did not alter ITA, SE and MP response 256
to NE in our patient cohort. A recently published small sample (n=22) in vitro study by Dalaklioglu et al 257 [33] suggested that pre-operative treatment with ACEI and statins for more than a 6-month period may 258
influence ITA vasoreactivity by improving endothelial control of vascular tone. Use of Statins, ACEI's, as 259
well as ARB's and nitrates proved non-significant in our study. 260
Norepinephrine is a potent vasoconstrictor that participates in peri-operative endogenic physiologic 261 processes and is a common vasopressor used in the early post-operative period. However, the previous 262
suggestions cautioning the use of the bifurcation are based on the higher contractile response to various 263
vasoconstrictors. Other possible spasmogenic agent are endothelin-1, Thromboxane A2, Prostaglandin 264
F2α, 5-HT, angiotensin II vasopressin and Potassium Chloride [4] [5] [6] . Therefore the present study is 265
limited by the fact that only one vasoconstrictor was investigated. 266
Ninety percent of arterial segments in our study demonstrated some degree of intimal thickening. In most 267
cases there was only mild hyperplastic thickening with no significant narrowing of the arterial lumen and 268 no hemodynamic significance. We did not find advanced atherosclerotic lesions, fatty streaks or foam 269 cells in the intimal hyperplastic areas. There was no difference in the degree of intimal hyperplasia 270 between the pre and post bifurcation segments, and no correlation between the cardiovascular risk factors 271 and the degree of intimal hyperplasia. 272
Our findings are in line with several qualitative [9-10] and quantitative [11] studies. Nataf et al [34] 273 studied the morphometric and metabolic profile of the distal ITA segments and also found intimal 274
proliferative changes. Although there was no histological evidence of atherosclerotic plaque, the enzyme-275 histochemical profile of this intimal thickening was favorable to cell proliferation and lipid accumulation. for accelerated graft atherosclerosis [35] . Further studies are warranted to better understand the 291 characteristics and influence of these intimal hyperplastic changes. 292 293
5.
Conclusions 294 Our results confirm the previously published data on the higher contractility in ITA sub-divisions, 295
suggesting caution in the use of the bifurcation for revascularization. However, the extra length gained by 296
harvesting the sub-divisions (increasing arterial anastomoses options and use of in situ grafts), sufficient 297 mean flow rates and favorable histological properties suggest that they may be appropriate for coronary 298 revascularization in selected cases. 299
Prospective clinical studies with long-term clinical and angiographic follow-up are warranted to 300
investigate the long-term patency rates, freedom from disease and influence on survival. 301 
